The glucan elicitor from cell walls o f the fungal pathogen, Phytophthora m egasperm a f. sp. glycinea, caused a decrease in activity o f 3-hydroxy-3-m ethylglutaryl coenzym e A reductase in wounded soybean cotyledons, whereas wounding alone led to an increase in the activity o f this enzyme. A decrease o f HM G -CoA reductase activity after elicitor treatment was also found in soybean hypocotyls and soybean cell cultures.
Introduction
The accumulation of the phytoalexin glyceollin* in soybean infected by Phytophthora megasperma f.sp. glycinea or treated with a glucan elicitor from this fungus is preceded by activity increases of a number of enzymes [2, 3] . Induction o f enzymes by elicitor-treatment has also been found in soybean cell cultures [4, 5] . Synthesis o f glyceollin was cor related with large increases o f phenylalanine ammonia-lyase, 4-coum arate:C oA ligase and chalcone synthase. For phenylalanine am m onialyase and chalcone synthase it was dem onstrated that increases in activity are due to an enhanced rate of their synthesis [2, 5] . It was also observed that a prenyltransferase (dim ethylallylpyrophos phate: 3,6a,9-trihydroxypterocarpan dim ethylallyl transferase) which is specific for synthesis of 2-and 4-dimethylallyl-trihydroxypterocarpan, putative precursors of the glyceollins (Fig. 1) , is present only in elicitor-treated soybean cotyledons or soybean cell cultures and could not be detected in cotyledons which had only been wounded [6, 7] , Dimethylallylpyrophosphate, one of the substrates of the prenyltransferase, originates from acetate via mevalonic acid. In this pathway 3-hydroxy-3-methylglutaryl coenzyme A reductase catalyses a key regulating step in animal tissue [8] and is also considered to have an im portant control function in plants [9, 21] . We have therefore investigated the question whether the activity of this enzyme in soybean is influenced by treatm ent with elicitor. Furthermore we have studied the course of induc tion of the prenyltransferase by infection of soybean seedlings with P. megasperma f. sp. glycinea or by elicitor-treatment o f soybean cell cultures.
Materials and Methods

Fungal culture
Phytophthora megasperma Drechs. f. sp. glycinea Kuan and Erwin races 1 and 3 were obtained from B. L. Keeling (Stoneville, MS, USA) and were maintained on lima bean agar.
Cultures for inoculation o f plants were grown as described [10] on asparagine m edium [11] .
Soybean seedlings
Seeds of soybean (Glycine m ax L. Merr., cv. Amsoy 71) were obtained from Agricultural Alumni Seed Improvement Assoc. (Romney, Ind., USA). Seedlings were grown in vermiculite as described previously [10] .
Soybean cell suspension cultures
Soybean cell suspension cultures initiated from callus cultures of cultivar Harosoy 63 were grown as described [4] 
HMG-CoA reductase preparations
All operations were carried out at 4 °C.
a) From cotyledons
The tissue was ground in a m ortar with quartz sand (0 .3 g g _l fr.wt.), Dowex 1 x 2 (lgg-1 fr.wt.; equilibrated with buffer A), and buffer A (1.5 ml g-1 fr.wt.). The slurry was pressed through two layers of cheese cloth and the solution centrifuged at 5000 x g for 10 min. The pellet was resuspended in a small volume of buffer A. b) From cell cultures.
Cells were collected on a glass sinter funnel and were then extracted as described for cotyledons.
Prenyltransferase preparations a) From cell cultures.
These were prepared as described previously [7] , b) From soybean hypocotyls. For inoculation of the seedlings see [2] .
For each enzyme assay 10 hypocotyl segments were frozen in a m ortar with liquid nitrogen and ground to a fine powder. The powder was slowly stirred for 1 h with buffer B (2 ml g_l fr.wt.). After centrifugation at 30000 x g for 20 min the sedim ent was taken up in 0.5 ml buffer B.
Enzyme assays HMG-CoA reductase
A combination of the methods of Suzuki et al. [13] and Brooker and Russel [14] was used. The assay contained, in a total volume of 200 |il, 1 00-130|il buffer C, 2 nmol dithioerythritol, 0.5 nmol EDTA, 2 nmol N A D P+, 2 nmol glucose 6-phosphate, 5.8 nkat glucose 6-phosphate dehydro genase, [3-i4C] HM G-CoA (220000 dpm ) and enzyme. Before addition of [3-14C]HM G-CoA and enzyme the mixture was preincubated for 5 min at 30 °C. After addition of enzyme and labelled sub strate incubation was continued for another 30 min. 10 jal of conc. HC1 was then added and the m ixture incubated for 30 min. After centrifugation at 10000 x g for 1 min an aliquot (150 (il) was applied to a silica gel thin layer plate which was developed with acetone/chloroform (2:1 v/v). The zone of mevalonic acid lactone (/?f = 0 .4 5 ) was scraped off and counted in a dioxan scintillation fluid.
Preny hr ansferase
The assay for prenyltransferase activity was carried out as described previously [7] ,
Elicitor from P. megasperma
Cell walls from P. megasperma [15] were hydro lysed with 2 m trifluoroacetic acid according to the method of Valent [16] . The elicitor contained 0.15 g glucose equivalents per gram.
Induction o f plant material
Five day old soybean cotyledons were treated with the Pmg elicitor as described [3] . The induc tion of soybean cell cultures has also been described [7] , In this case the elicitor was dissolved directly in the culture m edium to a final concentration of 1 mg ml-1.
Results
I. 3-Hydroxy-3-methylglutaryl-coenzyme A reductase
Detection o f HMG-CoA reductase in soybean
This enzyme was assayed by form ation of [,4C]mevalonic acid lactone from [3-l4C]HM G-CoA [13, 14] with a NADPH regenerating system using glucose 6-phosphate and glucose 6-phosphate dehydrogenase. Higher reductase activity in extracts from cotyledons or hypocotyls of 5-day-old soybean seedlings was obtained when phenolic substances were bound by addition of Dowex 1 x 2 rather than by addition of polyvinylpyrrolidone. The optimal amount of Dowex was 1 g per g fresh weight of tissue. With such extracts the enzyme assay was linear with tim e up to 45 min and linear with protein concentration up to 1 mg protein/m l.
The distribution of HM G-CoA reductase activity in different parts of the seedlings is shown in Table I . The apical part contains a considerably higher activity than cotyledons, hypocotyl, or roots. About 90% o f the total activity was present in the 100000 x g fraction. 
Elicitor-induction o f soybean cotyledons
Since at the time when these experiments were carried out soybean cotyledons had been used for investigation of enzyme induction by a glucan elicitor from P. megasperma [3, 6] , cotyledons were also used to investigate the change in HM G-CoA reductase activity after challenge with this elicitor. For comparison the activity of PAL and the absorp tion of the wound droplets at 285 nm as a measure for phytoalexin accumulation were determ ined. The results are shown in Fig. 2 . W hile the observation that PAL and phytoalexins are induced by elicitor are in agreement with earlier observations [3] , the results with HMG-CoA reductase were unexpected. This enzyme showed a large increase in activity in wounded cotyledons, but a small decrease in activ ity between 0 and 18 h after elicitor application to the wounded cotyledons. Not until 24 h after elicitor application was the HMG-CoA reductase activity somewhat higher than at the beginning of the experiment, but it was still much lower than in the only wounded cotyledons, where a second rise in enzyme activity occurred.
To investigate the possibility that form ation of an inhibitor of HMGCoA reductase was induced by elicitor treatment, experiments with mixed enzyme preparations were carried out. No inhibition of enzyme activity was found when extracts from wounded and elicitor treated cotyledons were added to extracts from only wounded cotyledons.
A decrease of HMG-CoA reductase avtivity after elicitor treatment was also found in hypocotyls of 5-day-old soybean seedlings. Whereas controls con tained 1.82 ± 0.38 pkat/kg, elicitor-treated hypo cotyls showed an activity of 1.35 ± 0.22 pkat/kg after elicitor application. 
Time after onset of induction ( h )
HMG-CoA reductase in soybean cell cultures
Enzyme activity was d eterm in ed during grow th o f the soybean cell suspension culture. As show n in Fig. 3 , H M G -C oA reductase activity rises sharply 2 days after transfer o f the cells to fresh m edium , reaches a m axim um after ab o u t 4 days, and subse quently undergoes a steep decline. W hen 5-day-old cell cultures in w hich H M G -C oA reductase activity was low again (0.16 ± 0.02 (ikat/kg) w ere treated w ith elicitor, not an increase, b u t again a decrease to 0.02 ± 0.007 (ikat/kg enzym e activity was found. In agreem ent w ith previous reports these cells did accum ulate glyceollin upon elicitor treatm en t (6 (imol I-1 glyceollin) [4] .
II. Dimethylally/pyrophosphate: 3.6a, 9-trihydroxypterocarpan dimethylalIvItransferase (Prenyltransferase) Induction o f prenyltransferase in soybean seedlings
Five-day-old soybean seedlings were in o cu lated in the hypocotyls [2] w ith m ycelium from eith er The tim e-course o f prenyltransferase activity after elicitor-induction o f a 6-day-old soybean cu ltu re is shown in Fig. 6 . Enzyme activity is rap id ly induced and declines again. [13] . In contrast, we found only a decrease o f the activity o f this enzym e in soybean cotyledons (Fig. 2) , hypocotyls and soy bean cell cultures challenged w ith a glucan elicitor from P. megctsperma. The reason for this unexpected result is not clear. E xperim ents w ith m ixed enzym e preparations showed th at no in h ib ito r for th e re ductase was form ed in the challenged tissue. H M GCoA reductase activity from rat liver is know n to be m odulated by a p h o sp h o ry latio n -d ep h o sp h o ry lation m echanism [17] , and such a m o d u latio n has recently also been reported for the enzym e from pea seedlings [18] . W hether elicito r-stim u lated p h o s phorylation o f H M G -C oA reductase could be re sponsible for the decrease in enzym e activity was not investigated so far.
Enzymes from two different pathw ays, n itrate reduction and general p h en y lp ro p an o id m etabolism , are known to exhibit drastic activity changes follow ing the transfer o f cells from cell cultures o f th e late growth stage into fresh m ed iu m [19] . In soybean cell cultures PAL. cinnam ate 4-hydroxylase, and 4 hydroxycinnam ate: CoA ligase show a sh arp m axim um o f activity shortly before the statio n ary phase of the culture [20] , In com parison the m a x i m um for H M G -C oA reductase activity was found to appear during the logarithm ic growth phase (Fig. 3) .
II. Dimethylallyltransferase
The increase in prenyltransferase activity after inoculation o f soybean hypocotyls w ith m ycelium o f P. megasperma (Fig. 4 ) occurs w ith a longer lag phase than the increase o f PAL and chalcone synthase activities, for w hich ap p aren t lag phases o f about 2.5 h were found [2] , As in the case o f PAL, a higher prenyltransferase activity was induced after inoculation w ith race 1 than w ith race 3 o f P. megasperma.
The 2 m axim a observed for the inducibility of the prenyltransferase by elicitor at different growth stages o f soybean cell cultures are sim ilar to the changes in inducibility found for PAL and chalcone synthase in such cultures [5] .
In sum m ary, o u r results lead to the conclusion that the dim ethylallyltransferase is involved to gether with o th er enzym es like PAL and chalcone synthase in the regulation o f glyceollin biosynthesis, whereas no clear evidence for a control function o f H M G -C oA reductase could be d erived from our results.
